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THE EFFECT OF ANNUAL PRECIPITATION ON THE GROWTH RATE 
OF PINUS CONTORTA IN THE REDFEATHER LAKES AREA: 
ROOSEVELT NATIONAL FOREST 
INTRODUCTION 
The purpose of this project was to determine 
if there is a significant correlation between the 
annual amount of precipitation and the average size 
of the growth rings of Pinus contorta, commonly 
known as Lodgepole Pine. 
It is generally agreed that the diameter 
growth of trees is controlled by a large number of 
environmental factors . These factors include the 
effects of temperatures, rainfall, soil moisture, 
evaporation rates, relative humidity, wind velocity, 
soil types, percent of slope, amount of competition, 
and many others. According to Kramer and Kazlowski 
{1960), several attempts to compare and evaluate the 
relative importance of various environmental factors 
on tree growth have been made, including work by 
Cain (1944), Mason and Stout (1954), and Fritts (1958). 
While it is agreed that diameter growth would 
probably be the result of a complex interaction 
of environmental factors, it is felt that in a given 
area, one particular factor would be most limiting 
to growth. Rainfall is the factor preferred by 
most workers when studying correlation with tree 
growth. Glock (1955), reports that Lyon (1943,1949), 
Friesner (1941,1950), Dobbs (1942), Glock (1950), 
and others have found correlation between rainfall 
and tree growth . 
It should be mentioned that Glock {1955) , also 
points out .that Cook (1941) , Hustich {1948) , Meyer (1941) , 
and Weck (1944) found little or no correlation of tree 
growth to rainfall . In Wyoming Hansen ( 1940) studied 
spruce and fir on the east slope of the Medicine Bow 
Range . He found no correlation between ring growth 
and annual precipitation at Laramie . It should be 
pointed out that Laramie is about 35 miles to the 
east of the Medicine Bow Range and is at a much lower 
elevation . Laramie would thus be expected to have a 
much different rainfall pattern than the spruce-fir 
forest studied by Hansen. 
The writer came in contact with this problem 
while studying at Colorado State University ' s Pin-
gree Park Campus , located just north of Rocky Mountain 
National Park. While the primary purpose of the 
course was comparing the Rocky Mountain Life Zones , 
an individual project was also a requirment of the 
course . This particular project was chosen as a 
result of discussion about the reasons for the Lodgepole 
Pine being limited to an elevation range of 7500-
9000 feet . Thus it was decided to test the effects 
of precipitation on growth ring size . It should 
be re-emphasized that many other factors might 
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also influence the size of growth rings . These 
other factors could not be considered because of 
the limited time and equipment available . 
The forest area chosen for study was about four 
miles west of Redfeather Lakes , Colorado and 20 miles 
north of the northern boundry of the Rocky Mountain 
National Park. The area studied was located in the 
Northeast one fourth of Section 26 , Township 10 North , 
Range 74 West . This area is a part of the Roosevelt 
National Forest , (Figure 1) . 
Several factors were important in chosing the 
site to be studied . It was desirable to study an 
area as close as possible to a weather station . The 
area chosen was about three miles from the w.eather 
station at Redfeather Lake . While it was realized 
that this distance was great for this type of project, 
it was felt that due to the similarity of sites, the 
precipitation records would be usuable . The eleva-
tion , amount of slope, and direction of exposure were 
all about the same at both the site studied and at 
the weather station . 
The area studied also had to be within easy 
driving distance of camp, since time alloted for the 
project portion of the course often consisted of 
afternoons only . The Redfeather weather station was 
the only station within d~i~ing distance that was also 
in a Lodgepole Pine forest area . 
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FIGURE MAPS SHOWING LOCATION OF THE AREA STUDIED 
sm TE CFC LORADO 
See page 5 f r a detailed ap of this a"ea. 
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AGRICULTURE MAP OB' ThE: 
ROOSEVELT NATIONAL IGREST: 
1955 
It was also desirable that a relatively undis-
turbed forest area be studied , since a tree removed 
from the site would mean less competition for the 
remaining trees . This would show up as increased 
growth ring sizes in the following years . The u. s . 
Forest Ranger at Redfeather said the records showed 
no cutting in the area studied during the last 20 
years . 
The area studied consisted of a relatively open 
stand of Lodgepole Pine. No other species of tree 
was found in the area sampled . 
The topography of the site varied from level 
to slightly rolling. 
PROCEDURE 
Small cores of wood were carefully removed from 
each of the trees in an area about 100 yards by 80 
yards . These cores were removed in a radial plane 
from the outer surface of the tree to the center . 
These cores are removed by a standard procedure 
with a tool called an increment borer . This tool 
is essentially a hollow bit somewhat like a wood 
bit . The cores obtained with this instrument are 
commonly called increment borings . Increment borings 
were taken from all trees in the area that were 
six inches or more in diameter . Smaller trees were 
not sampled because of the possibility of their 
not being old enough to get the necessary 20 years 
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of growth rings . It is also common for Lodgepole 
Pines to become stunted due to overcrowding. These 
stunted trees are sometimes up to 100 years old but 
only three to five inches in diameter . Using the tech-
niques available , it was found to be impossible to 
measure accurately the growth rings from such trees . 
While over 100 increment borings were taken , 
time did not permit all the growth rings to be meas-
ured . The increment borings appeared to be about 
the same, so it was suggested by the instructors of 
the course that one fourth of the increment borings 
be picked at random, and studied in detail . 
Sizes of the growth rings were determined by 
measuring them under a binocular microscope equipped 
with a calibrated scale in one ocular . By using 
this method , the growth rings could be measured to 
the nearest one twelfth millemeter . Rings of 29 
different trees were dated and measured . Average 
sizes of the growth rings were recorded for the 
period from 1942-62, (Table 1) . 
Precipitation records for the Redfeather Lakes 
area were obtained from the u. s . Weather Bureau 
publication, Climatic Summary of the United States-
Colorado, (1931-1952) . Records for the years following 
1952 were obtained directly from the files of the 
United States Weather Bureau headquarters in Denver , 
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Colorado . Table 1 contains the annual precipitation 
totals for the Redfeather Lakes Weather Station in 
those years when complete records were available . 
In certain years (1943 , ' 47 , ' 48 , ' 49, ' 59 , and ' 62), 
one or more months precipitation totals were not re-
ported by the weather bureau . The totals shown in 
Table 1 for these years consists of the actual records 
for those months that were reported plus the average 
monthy precipitation figure for the month or months 
missing . 
RESULTS 
The results obtained from this project are to 
be found on pages 9 and 10 . Refer to pages 11 , 12 , 
and 13 for the interpretation of these results . 
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TABLE 1--A COMPARISON OF AVERAGE SIZE ANNUAL RINGS OF PINUS 
YEAR 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
CONTORTA TO THE ANNUAL PRECIPITATION FOR THE 
REDFEATHER LAKES AREA: 1942-1962. 
NO. OF MONTHS 
WITH COMPLETE 
PRECIPITATION 
PRECIPITATION 
IN INCHES 
AVERAGE* SIZE 
OF ANNUAL RINGS 
IN MILLEMETERS 
RECORDS 
__ .. _______ 
12 
-------------
30.38 
---------------
.314 
----------
9 
-------------
14.oo# _______________ 
.260 
----------
12 
-------------
16. 28 
---------------
.293 
----------
12 
-------------
15.20 
---------------
• 290 
----------
12 
-------------
23.56 
---------------
.292 
----------
8 
-------------
18.78# _______________ 
• 291 
6 # .274 
---------- -------------
18.25 ---------------
6 # .272 
---------- ------------- 15.58 ---------------
----------
12 
----------- .. -
15.61 
---------------
.278 
----------
12 
-------------
19.88 
---------------
.290 
----------
12 
-------------
13.68 
---------------
.254 
----------
12 
-------------
15.91 
---------------
.280 
----------
12 
-------------
15.48 
---------------
• 271 
----------
12 
-------------
16. 68 
---------------
.278 
----------
12 
-------------
13.74 
---------------
.271 
----------
12 
-------------
19.91 
---------------
.267 
----------
12 
-------------
19.21 
---------------
.244 
----------
1 1 
-------------
# 16.00 --------------- .230 
----------
12 
-------------
14.87 
---------------
.251 
----------
12 
-------------
25.63 
---------------
.275 
----------
1 1 
-------------
15.80# _______________ 
• 210 
# Represents estimated totals.,_Estimated totals were figured 
by using the average monthly precipitation figure for the 
month or months where no records were available. 
* These records are based on averages of measurements taken 
from 29 trees of the Redfeather Lakes area, Colorado. 
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INTERPRETATION OF RESULTS 
(Refer to Figure 2, Page 10) 
1942-1945 
These data seem to show positive correlation. It 
must be remembered that the 1943 precipitation figure is 
an estimate . However, upon investigating the records for 
other weather stations in the area, it was found to be 
a dry year throughout Northern Colorado . For this reason 
I believe these results are relatively reliable. 
1945-1947 
Ve"J;y little, if any, co.r:relation is shown during 
these years . For example 1945 was a dry year and 1946 
a relatively wet year . The results show almost equal 
growth during these two years . In 1947 the precipitation 
dropped but the growth rate continued about the same. 
These results indicate that some factor other than 
total annual precipitation must have limited growth 
during this period . 
1947-1950 
These years could not be considered to show 
significant correlation because of the limited 
weather data available. The actual records were 
for only 6-8 months out of the year, and thus the 
estimated totals probably are not very accurate . 
-11-
1950-1956 
There seems to be significant positive correlation 
for these seven years . It can be seen that when the 
total precipitation increases , the annual ring size also 
increases . When the precipitation dropped , the growth 
ring size also dropped . It should also be noted that the 
precipitation and growth lines run almost parallel during 
these years . These results are particularly significant 
since they happen to be for an extented period of time . 
It is improbable these lines would be as similar as they 
are , unless there was a definite relationship . 
1956-1958 
Some factor other than precipitation must have been 
limiting during this period, since there was increased 
rainfall but a slower growth rate . 
1958-1 959 
There seems to be a positive correlation during these 
years but it could be by chance since these lines seem 
related for such a short period of time . 
1959-1960 
Total precipitation dropped during this period but 
the growth rate increased . There is no apparent reason 
for this negative correlation shown in these results . 
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1960-1962 
There seems to be a positive correlation once again . 
However, it must be remembered the 1962 precipitation total 
is an estimate . This estimate is probably accurate since 
records show 1962 as being very dry throughout the 
mountains of Northern Colorado. 
CONCLUSIONS 
There seems to be significant positive correlation 
between total annual precipitation and the average size of 
growth rings of the Lodgepole Pine . Figure 2 shows this 
correlation best during the years of 1942-45 , 1950-56, 
and 1960-62. 
In this limited study there is indication that rainfall 
might be the significant factor in limiting the distribution 
of Lodgepole Pine in the Rocky Mountains of Northern Colorado. 
As one approaches the lower range of distribution of Lodgepole 
Pine, the rainfall decreases considerably. The continued 
low rainfall at the lower elevations could limit or even 
prevent growth and thus prevent Lodgepole Pine from growing 
in these areas. 
However, the results obtained for the years of 1945-47, 
1956-58, and 1959-60 seem to indicate that precipitation 
might not always be the limiting factor controlling the 
size of growth rings. It is possible that monthly or 
seasonal variation in precipitation would be more important 
than annual precipitation. Further experimentation would 
be necessary to determine the causes of these results . 
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SUGGESTIONS FOR FURTHER STUDY 
Many steps could have been taken to improve this 
project if time had permitted . Some of these suggested 
improvements are listed below. 
1. The experiment should be conducted where the precipita-
tion records are complete for a longer period of time . 
2 . A more accurate method of measuring the growth rings 
should be used. This was not possible in this project 
because of the necessity of working with the equipment 
furnished for the course . 
3. Modified rings such as false rings and missing rings 
should be taken into considera tion in order to obtain 
more accurate results . The limited experience of 
the author did not permit this . 
4. The samples should be taken in the exact location of the 
weather station. This would reduce chances for differ-
ences in precipitation due to such things as elevation . 
5. The exact history of the forest area under study should 
be taken more fully into account . For example , the 
dates of thinning operations , lumbering , and fires could 
have helped to explain some of what seemed to be 
negative results . 
6. The variations in monthly and seasonal precipitation 
should be considered . Such a study might help explain 
some of the apparent negative correlations obtained 
in this project . 
-14-
BIBLIOGRAPHY 
Cain , S . A. 1944. Foundations of plant geography . 
Harper & Brothers, New York . 
Dobbs, c. G. 1942. A glase-ring pattern in larch. 
Nature 150 : 377- 379 . 
Friesner , R. c. 1941 . A preliminary study of growth 
in the beech , Faggs S!andifloia , by the dendro-
graphic method . Butler University , Botany 
Study 5: 85- 94. 
• 1950 . Growth-rainfall trend coefficients 
-----shown by six species of hardwoods in Brown County , 
Indiana . Butler University , Botany Study 9: 159-166. 
Fritts , H. c. 1958 . An analysis of r a dial growth of 
beech in Central Ohio forest during 1954- 1955 . 
Ecology 39 : 705-720 . 
Glock, w. s . 1950 . Tree growth and rainfall - a study 
of correlation and methods . Smithson, Inst., Misc . 
Coll . 111 : 1-47. 
• 1955 . Growth rings and climate . Botanical 
~~-R-e-view 21 : 73-188 . 
Hansen , H. P . 194o . Ring growth and dominance in a 
spruce-fir association in Southern Wyoming . Amer . 
Mid . Nat . 23: 442-447. 
Hustich, I . 1948 . Tree growth and climatic fluctuations . 
Eripainos Terrasta 2: 73-80 . (English Summary) 
Kramer , P. J . , and T. T. Kozlowski . 1960 . Physiology 
of trees . McGraw-Hill , Inc . , New York . 
Lyon c. J. 1943 . Water supply and the growth rates of 
conifers around Boston . Ecology 24: 329-344. 
• 1949 . 
-----.-and upland . 
Secondary growth of white pine in bog 
Ecology 30: 549-552 . 
Mason, H.L., and P.R. Stout . 1954. The role of plant 
physiology in plant geography . Ann . Rev. Plant 
Physiology 5: 249-270 . 
Meyer, H. A. 1941 . Growth fluctuations of virgin hemlock 
from Northern Pennsylvania . Tree-Ring Bull . 7: 
20-23. 
-15- ·· 
U. s . Department of Commerce . 1952. Climatic summary 
of the United States-Colorado (1931 -1 952) . U. s . 
Printing Office , Washington, D. c. 
Weck, • 1944. Beitrag zur Frage; Zuqachsleistung 
und Witterung. Forstwiss . Central bl . u . Tharandter 
Forstl . Jahrb . 1944: 60-64. (Biol . Abst . 19925 , 1945) . 
-16-

